Pavement Management dTIMS Model 2

This document was created as a revision of the original “Pavement Management
dTIMS Model”. It is intended to document the substantial changes that have been made

elements.

Routine Maintenance

related environmental cracking. Treatments are typically rotomilling and replacement;
using a thin (27) structural hot mix asphalt overlay, or hot or cold recycling to replace the
rotomilled pavement.

Major rehabilitation consists of structural enhancements that both extend the
service life and improve its load-carrying capacity. Pavement thickness is increased to
provide additional strength to accommodate existing or projected traffic loadings.
Treatments are typically rotomilling and overlay; using hot or cold recycling, or hot mix
asphalt overlays to increase the overall pavement thickness by at least 2 inches. These
treatments are placed outside the category of “Pavement Preservation” since they are
focused on increasing the pavement structure. These treatments typically take place
through UDOT’s Purple Book and Blue Book programs.

Other activities also outside the category of “Pavement Preservation” include:



Corrective (Reactive) Maintenance
These treatments respond to immediate concerns of pavement integrity or safety.
They restore the pavement to a serviceable level that occurred due to unforeseen
conditions. This involves pothole patching, edge drop off grading and isolated concrete
slab replacements. These efforts are typically performed with Stateforces using Code 1
funds.

Pavement Reconstruction
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ent deterioration and come up with future

were based upon pavement type, functional classification and speed. As our data
collection contin i
are currently using the pavement families that are listed below:
Gravel

Interstate Concrete

High Speed Concrete (>50 mph)

Medium Speed Concrete (40 to 50 mph)

Low Speed Concrete (<40 mph)

Interstate Asphalt

High Speed Asphalt (>50 mph)

Medium Speed Asphalt (40 to 50 mph)

Low Speed Asphalt (<40 mph)
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Performance Curves
Performance curves are curves/equations that predict how various pavements will
perform over time based upon certain pavement characteristics and due to certain
pavement distresses. These curves assume a “do nothing” strategy, meaning that only
routine maintenance activities will occur over the pavement’s lifetime, Four basic “do
nothing” performance curves were chosen for UDOT’s pavement management model.
UDOT has chosen to use the method of Dr Gllber Baladi from th Department

design life) are
then be calcula

design lives of 30, 35, 40 and 45 years, respectively. We have chosen to give the
performance curves.a much less drastic shape once the effective design life has been
reached. We have chosen to deteriorate the pavement at a rate of either 2:1 or 1.5:1, once
the effective design life has been reached.

It should be noted below that in the area of roughness, asphalt pavements were
assigned a longer life span than concrete pavements. It may seem counter intuitive that
asphalt pavements were assigned a longer life span, because in general, concrete
pavements will last longer. The decision makers at UDOT noted that the main pavement
distress associated with properly designed concrete pavements with dowel bars was
roughness. It was also noted that once significant roughness had occurred in either
concrete or asphalt, the deterioration rate (as far as roughness) was much faster for
concrete than asphalt (due to the rigid nature of concrete pavements). This discussion led
to their respective “do nothing” design lives for roughness.

30-Year Design Life



This is the standard performance curve for most asphalt pavements. UDOT uses
this curve to model environmental cracking, rutting and wheel-path (fatigue) cracking
over time. The equation is as follows:

For years 0-30 => 100 — 0.0556 (age)**2 and for years 30+ => 49.96 — 2 (age-30)

35-Year Design Life
This is the performance curve that is used to mode the pavement deterioration of

40-Year Design Life

This is the standard perfo
this curve to model concrete cracki
is as follows:

* be triggered to restore “life” to the pavement. The MAE
represents the condition that defines the pavement as in poor condition (i.e. rutting equal
to 1.25 inches). So, for each pavement distress MAES needed to be defined for each
pavement family. Through discussion other boundary points were also defined: 90 (very
good/good), 70 (good/fair), 50 (fair/poor) and 30 (poor/very poor).

Indices were created for both concrete and asphalt. Also, a composite index was
created within the model for two main purposes: the first purpose was to allow the model
to optimize the system level performance based on all the indices combined rather than
on one individual common index (RIDE) and the second purpose was to provide an initial
comparison of the overall state any one pavement section with the overall state of any
other section. The indices chosen and their equations are listed below.

Concrete Indices
The following indices were developed for concrete pavements:



RIDE: Roughness based on IRI (average of the left and right wheel path measurements)
CONK: Structural cracking from corner breaks (CBRK) and shattered slabs (SHSL)
FALT: Faulting (difference in slab elevation)

JTSP: Joint spalling

o Interstate Concrete — MAE (1
143.33 - 0.667 (IRI)

CBRK (Corner Breaks)

. Interstate Concrete — MAE_ (5), MAEw (4), MAER (2)
100 - (10 (Low) + 12.5 (Med) + 25 (High))

. High Speed Concrete - MAE_ (5), MAEw (4), MAEy (2)
100 - (10 (Low) + 12.5 (Med) + 25 (High))

° Medium Speed Concrete - MAE, (10), MAEw (7), MAE (4)
100 - (5 (Low) + 7.14 (Med) + 12.5 (High))

° Low Speed Concrete - MAE, (10), MAEwm (7), MAEH (4)



100 — (5 (Low) + 7.14 (Med) + 12.5 (High))

SHSL (Shattered Slabs)

. Interstate Concrete — MAE (2)
100 — (25 (#Slabs))

° High Speed Concrete — MAE (2)
100 — (25 (#Slabs))

. Medium Speed Concrete —
100 - (12.5 (#Slabs))

o Severity | St .
severit ater han 0.5 ich =high severity),

tha are greate than 0 equl to 0.1 inch. As

= (240), MAEy, (80), MAE} (20)
625 (Med) + 2.5 (High))

Medium Speed Concrete - MAE, (400), MAEw (120), MAEy (30)
100 — (0.125 (Low) + 0.417 (Med) + 1.67 (High))

. Low Speed Concrete - MAE, (400), MAEy (120), MAE (30)
100 — (0.125 (Low) + 0.417 (Med) + 1.67 (High))

JTSP (Joint Spalling) — Joint spalling is a measure of the spalls (surface defects)
located at the transverse joints. The severity is determined by the size of the spalls (i.e.
less than 3 inches = low severity and greater than 6 inches = high severity). As above,
Low, Med and High represent the severity of the distress. The equations for joint spalling
are listed below.

. Interstate Concrete - MAE, (24), MAEw (12), MAEy (4)
100 - (2.08 (Low) + 4.17 (Med) + 12.5 (High))

. High Speed Concrete - MAE (24), MAEw (12), MAEy (4)
100 — (2.08 (Low) + 4.17 (Med) + 12.5 (High))



. Medium Speed Concrete - MAE (30), MAEw (16), MAEK (6)
100 - (1.67 (Low) + 3.13 (Med) + 8.33 (High))

Asphalt Indices
The following indices were developed for a

RUT (Rutting)— Ruttihg is a measure of the longitudinal depressions (ruts) that develop
in the wheel path of asphalt pavements, usually due to heavy truck loading. Rutting is measured
with the profile van, which medsures changes in elevation across the wheel paths. The rut depth is
measured in inches as the avefage of both wheel paths. The equations for the rutting index are

listed below.

° Interstate Asphalt — MAE (0.5)
100 - 100 (Rut Depth)

° High Speed Asphalt — MAE (0.625)
100 — 80 (Rut Depth)

° Medium Speed Asphalt — MAE (0.75)
100 - 66.7 (Rut Depth)

. Low Speed Asphalt - MAE (1.25)

100 - 40 (Rut Depth)



CRCK (Environmental Cracking) — This is a measure of the cracks in the road due
to environmental (non-structural) conditions. The index is made up of transverse
cracking, block cracking and skin patching. It is calculated the same for all pavement
families. The initial value of the cracking index is calculated as follows:

o Index Value =50, If...
Block cracking/(500 ft) > 100 ft, or
Skin patching/mile >= 1000 ft

o Index Value =70, If...
Block cracking/(500 ft) > 50 ft;
Skin patching/mile >= 400 ft, or

100- (0,077 (Low) + 0.20 (Med) + 1.25 (High))

. Medium Speed Asphalt - MAE_ (700), MAEy (300), MAEy (50)
100- (0.071 (Low) + 0.17 (Med) + 1.0 (High))

. Low Speed Asphalt - MAE, (800), MAEy (400), MAE} (80)
100- (0.0625 (Low) + 0.125 (Med) + 0.625 (High))

Combined Index

OCI (Overall Condition Index) — Within the dTIMS pavement management
model there is also a combined index, the overall condition index (OCI). The purpose of
the index is twofold. The first is to allow the dTIMS model to maximize the benefit to the
entire pavement network based upon multiple indices instead of only a single index. This
allows the model to compare every section of pavement on a similar scale regardless of



pavement type or individual characteristics (i.e. each section could have different
individual indices to represent condition). The second reason for having a combined
index is to give an indication of the “overall health/condition” of the pavement section.
For UDOT, the primary purpose of the OCI is to allow the model to compare pavement

o Asphalt Minor Rehab
(Rotomill & replace, thin overlay)

. Asphalt Major Rehab
(Rotomill & overlay, thick overlay)

. Asphalt Reconstruction
(Full replacement of pavement structure)

Treatment Costs

Listed below are the current treatment costs that are contained within the dTIMS
model. Each cost is multiplied by a factor of 1.15 to account for additional engineering



and other miscellaneous costs. Additional inflation costs are also accounted for within the
dTIMS model.

. Concrete Preventive Maintenance - $6.50 per square yard

° Concrete Grinding - $7.20 per square yard

per square yard

+25%
+25%
Concrete Cracking  +5%

. Concrete Grinding
Ride +65%
Faulting +65%
Joint Spalling +25%
Concrete Cracking  +5%

. Concrete Minor Rehab
Ride +65%
Faulting +65%
Joint Spalling +35%
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Concrete Cracking  +35%

° Concrete Major Rehab or Reconstruction
Reset all indices to 100

. Chip Seal
Ride +30%
Rutting +30%
Env. Cracking Reset to 100

Wheel-path Cracking +10%

. Open Graded Seal
Ride

Rutting

Env. Cracking
Wheel-path Cracking

Reset to 100
Reset to 100
. Reset to 100
Wheel-path Cracking +65%

° Asphalt Reconstruction
Reset all indices to 100

Treatment Triggers

Treatments are triggered within the dTIMS model whenever certain criteria are
met. Those triggered treatments are then recommended and optimized according to the
overall benefit cost and budget. In general, UDOT’s recommended strategy is to treat a
section of pavement no sooner than 8 years for asphalt and 10 years for concrete, due to
limited funding constraints. The following is a list of the various treatments and their
triggers within the pavement management model.
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Concrete Preventive Maintenance

(RIDE & FALT) >= 70, and

CONK >=75, and

(RIDE <=90 or FALT <=90 or JTSP <= 90)

Concrete Grinding
(RIDE <=60 or FALT <=60), and
CONK >=60

Concrete Minor Rehab

Concrete Major
(CONK <= 55 or

G Seal\(also based upon preferred.seal type)
R

U & CRCK >=70),\and

Asphalt Major Rehab
(RIDE <= 30 or RUT <= 50 or CRCK <= 50 or WPCK <= 60)

Asphalt Reconstruction
WPCK <=50
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